Introduction
============

Probiotics are live microorganisms that provide beneficial effects to the hosts when administered in adequate quantities \[[@B5]\]. The use of autochthonous microorganisms with probiotic activities provides an efficient alternative for treating and preventing some animal diseases \[[@B19]\]. Under normal conditions, probiotics administration would not be necessary because animals acquire the protective intestinal microorganisms directly from maternal and environmental sources. Nevertheless, intensive rearing conditions oblige farmers to wean calves early (thus limiting the contact between calves and their mothers), feed them non-natural food (*e.g.* replacers), and introduce them to highly stressful environments. All of these conditions make the animals more susceptible to colonization by pathogenic microorganisms.

*Salmonella* spp. and *Escherichia coli* are the most common bacterial etiologic agents of calf diarrhea during the first weeks of life \[[@B18]\]. Increased isolation frequency of *Salmonella* spp. indicates that the modern cattle breeding is favorable for development of this pathogen, especially when there are deficiencies in hygienic practices during rearing. The use of probiotic bacteria as a supplement in farm animal feeds, especially in intensive cattle production systems, is based on properties of the bacteria that improve feed nutrient conversion, and as the ability of these microorganisms to act against pathogenic bacteria \[[@B8]\]. At the same time, probiotic microorganisms contribute to the safety of raw materials to be used in food consumed by humans. In Argentina, there are some commercial products intended for animal feed that are marketed as beneficial supplements due to their probiotic properties. However, no probiotic inoculum isolated from the indigenous microbiota of animals belonging to national livestock farms is found in the market or has been described in the literature.

The ability of probiotic microorganisms to inhibit or counteract the negative effects of pathogens in live animals is a property that has been widely studied in laboratory animals \[[@B8],[@B14],[@B16]\] but not farm animals. Experimental models of intestinal disease could be used to evaluate the ability of an experimental probiotic inoculum to prevent the translocation of a pathogen to an internal organs and the production of lesions in calves infected with *Salmonella*. The animals supplemented with probiotics and lactose could have advantages in their response against intestinal pathogen.

We previously observed that some lactic acid bacteria (LAB) are capable of colonizing the intestinal tract of mice without affecting feed intake, and protecting the animals against *Salmonella* Dublin DSPV 595T \[[@B8],[@B9]\]. In addition, LAB can colonize the gastrointestinal tract of calves without translocating to other internal organs \[[@B7]\] and improve the growth of dairy calves exposed to nutritional stress such as diets with high lactose contents \[[@B10],[@B11]\]. The purpose of the present study was to evaluate the ability of a microbial inoculum composed of three LAB strains of bovine origin to protect young calves, artificially reared and supplemented with lactose, against *Salmonella* Dublin infection. This was accomplished by evaluating the development of histopathological lesions and pathogen translocation.

Materials and Methods
=====================

Animals and facilities
----------------------

This study was carried out in an area designed for artificial calf rearing at the Facultad de Ciencias Veterinarias, Universidad Nacional del Litoral (Argentina), and involved 15 male calves (*Bos taurus*) with an average age of 5 days. All calves originated from a single dairy farm and were transported to the study site by truck (85 km). All calves received water *ad libitum* and were fed only milk replacer and a commercial concentrate pellet 6 h later after arrival. The calves were kept separated from each other in single cages to avoid reinfection. The breeding of animals was carried out on a dirt floor covered with natural grasses. Every week, each animal was moved to a new space with floors composed of the same type of soil and free of droppings. Throughout the experiment, all the animals were fed with milk replacer and given drinking water. The milk replacer was reconstituted at a concentration of 11% of dry matter (DM), and administered to the calves at 6:00 a.m. (2 L/animal) and 6:00 p.m. (2 L/animal) at approximately 38℃. A commercial concentrate pellet was offered to calves *ad libitum* throughout the experiment. This breeding procedure performed in these conditions is known as intensive rearing. The experiment lasted for 15 days and was conducted according to guidelines for the use and care of agricultural animals in agricultural research and teaching \[[@B4]\]. Before commencing the study, the protocol used was approved by the Advisory Committee on Ethics and Security of the Facultad de Ciencias Veterinarias, Universidad Nacional del Litoral (Argentina).

Microorganisms
--------------

Three bacterial strains of bovine origin \[*Lactobacillus* (*L.*) *casei* DSPV 318T, *L. salivarius* DSPV 315T, and *Pediococcus acidilactici* DSPV 006T\] shown to have probiotic properties \[[@B7]-[@B11]\] were used for inoculation. The strains were isolated from healthy dairy calves artificially reared by a work team from the Departamento de Salud Pública Veterinaria, Facultad de Ciencias Veterinarias (Argentina), and then stored at -80℃ in de Man, Rogosa and Sharpe (MRS) medium (Britania, Argentina) containing glycerol (35% v/v). The different strains were identified using molecular biology techniques (amplification, sequencing and comparison of 16S rDNA genes) as previously described \[[@B20]\]. The GenBank accession numbers for the 16S rDNA genes of the three strains were FJ787305, FJ787306, and FJ787307.

The *Salmonella* Dublin DSPV 595T strain of bovine origin was isolated from the liver of a necropsied calf (Animal Health Hospital of the Facultad de Ciencias Veterinarias, Argentina) and stored at -80℃ in brain heart infusion (BHI) broth (Britania, Argentina) with glycerol (35% v/v). The biochemical profile of the strain was determined with an API 20 E system (bioMerieux, USA) and the phenotype was identified by the Servicio de Enterobacterias del Instituto Nacional de Enfermedades Infecciosas, Administración Nacional de Laboratorios e Instituto de Salud \"Dr. Carlos G. Malbrán\" (Argentina). The Genbank accession number for the 16S rDNA gene of the strain was found to be FJ997268.

Selection of mutants resistant to antibiotics
---------------------------------------------

*Salmonella* Dublin DSPV 595T was made resistant to the antibiotics novobiocin and nalidixic acid in order to be able to monitor the pathogen during the *in vivo* study. Resistance of the pathogen strain to the antibiotics was obtained by serial culturing \[[@B3]\] in xylose lysine deoxycholate (XLD) medium (Oxoid, UK) with low levels of the antibiotics up to 50 µg/mL novobiocin (Fluka, Germany) and 10 µg/mL nalidixic acid (Sigma, USA). The antibiotics were dissolved in water and prepared as 10 mg/mL stock solutions. An overnight microorganism culture was spread over XLD agar plates (Oxoid, UK) supplemented with 50 µg/mL novobiocin and 10 µg/mL nalidixic acid (XLD~nov\ nal~), and incubated for 24 h at 37℃. Isolated colonies resistant to novobiocin and nalidixic acid were cultured in BHI broth (Britania, Argentina) for 24 h at 37℃. Physiological, biochemical, and genotypic characteristics of both the original and resistant strains were compared in order to guarantee that resistance was the only observable difference. This verification was performed with biochemical tests and PCR amplification of the *Inv*A gene specific for *Salmonella* spp. The *Salmonella* Dublin DSPV 595T strain resistant to novobiocin and nalidixic acid was stored at -80℃ (BHI broth containing glycerol 35% v/v), and later used to administered to the calves.

Experimental design
-------------------

The calves were randomly divided into three experimental groups: the control group (C-G; five animals), the group inoculated with LAB (LAB-G; six animals), and the group inoculated with LAB and given lactose (L-LAB-G; four animals). The probiotic inoculum was administered once daily to each calf in the LAB-G and L-LAB-G groups along with milk replacer supplied in the afternoon for all 15 days of the experiment. Calves in the C-G group were inoculated in the same manner but the milk replacer was supplemented with 40 mL of 0.15 M NaCl as a placebo. Lactose (100 g/day) was administered to each L-LAB-G calf. The presence/absence of *Salmonella* was evaluated both before (day 0 of the experiment) and after experimental infection (day 11 of the experiment). Necropsies of one calf from each experimental group were performed daily starting from day 11 of the experiment until all calves had been sacrificed.

Different organs and body fluids were obtained for microbiological diagnosis. Spleen weight was measured along with body weight (BW), and the spleen weight index (SWI) was then calculated. To evaluate histopathological changes, specific indicators of lesions were identified for each organ. As a measurement of lesion severity, we used the microscopic lesion index (MLI; [Table 1](#T1){ref-type="table"}). Values of 1, 2, 3, and 4 were assigned according to the degree of severity (1: no apparent lesions, 2: mild lesions, 3: moderate lesions, and 4: severe lesion). This helped to standardize the routine observations and evaluate the degree of structure modification in the organs. Based on the observed indicators, the MLI values were calculated with the following formula:

MLI = \[(oE1 × 1) + (oE2 × 2) + (oE3 × 3) + (oE4 × 4)\] / (To × 4) × 100

in which oE1, oE2, oE3, and oE4 represent the number of organs with scores of 1, 2, 3, or 4, respectively, and To is the total number of organs analyzed in each calf (To = 7). The index values were greater as the lesion severity increased.

Preparation and administration of the LAB inoculum
--------------------------------------------------

Bacteria were grown in MRS medium (Britania, Argentina) for 18\~20 h at 37℃. The optical density of the cultures was determined at 560 nm (Metrolab 330 Spectrophotometer UV Vis; Metrolab, Argentina) and the bacterial concentration was calculated using a calibration curve as previously described \[[@B9]\]. The cultures were centrifuged at 3,000 × g for 10 min at 18℃, and suspended in a NaCl solution (0.15 M). Afterwards, the three strains were mixed and brought to the final volume (40 mL NaCl solution 0.15 M). The probiotic inoculum consisted of a 40-mL volume of the three microorganisms in a 0.15 M NaCl solution. The inoculum dose was 10^9^ CFU/kg BW of each strain and administered daily *via* the milk replacer to calves in the LAB-G and L-LAB-G groups throughout the experiment. Control calves were inoculated with 40 mL 0.15 M NaCl solution as a placebo in the same manner.

Pathogen inoculation
--------------------

*Salmonella* Dublin DSPV 595T grown in BHI broth for 18 h at 37℃ was administered *via* the milk replacer to all calves in the three experimental groups (C-G, LAB-G, and L-LAB-G) on day 11 of the experiment. To measure the concentration of the bacteria, a series of 10-fold dilutions were made from a *Salmonella* Dublin culture. Absorbance of the original culture and dilutions was measured at 560 nm (Metrolab 330 Spectrophotometer UV Vis; Metrolab, Argentina) and the number of colonies grown (CFU) on XLD plates was simultaneously determined. Regression analysis was performed with absorbance and CFU parameters. To quantify the amount of pathogen provided we used the equation:

y = 0.4735 ln(x) + 8.2162

in which y corresponds to log10 CFU/mL and x represents the absorbance of the culture. The inoculum was administered at a dose of 2 × 10^10^ CFU/calf. This infective dose was chosen based on publications in the literature \[[@B2],[@B15],[@B16]\] and experimental verification carried out in a previous study in two calves.

Feed composition
----------------

Feeds used in this study were not supplemented with antibiotics. The milk replacer contained 23% crude protein, 15% fat, 1% crude fiber, 1% calcium and 0.8% phosphorus (AF-80; ACA, Argentina). The lactose supplemented in the L-LAB-G treatment contained 99.5% lactose (Milkaut, Argentina). The commercial concentrate pellet (Cooperación; ACA, Argentina) included the following ingredients: ground corn grain, soybean pellet, wheat bran, dicalcium phosphate, sodium chloride, and a vitamin-mineral supplement. The starter contained 90% dry matter (DM), 18% crude protein, 2.9 Mcal metabolizable energy/kg DM, 80% total digestible nutrients, 5% crude fiber, 1.2% calcium, 0.8% phosphorus, and 5% ether extract. All feed composition data were obtained from the label provided by feed supplier.

Necropsies
----------

Starting on day 11 of the experiment, necropsies were performed every day on one animal from each experimental group. The necropsies were performed at 22 h after the last administration of the probiotic inoculum. The animals were desensitized with a euthanasic drug (Euthanyle, 80 mg/kg; Brouwer, Argentina) administered under aseptic conditions. The animals were bled and then necropsied using conventional techniques. Samples of liver, spleen, mesenteric lymph nodes, ileocecal lymph nodes, small (jejunum and ileum) and large (cecum and colon) intestines, mediastinal lymph node, lung, and popliteal lymph nodes were collected using sterile instruments to minimize the possibility of bacterial cross-contamination between samples \[[@B13]\]. Samples of cerebrospinal fluid, synovial fluid, and bile were taken with sterile syringes (Jiangsu Nppo, China) with hypodermic needles (Nipro, Japan). Additionally, the ileocecal valve (IV) was removed for histopathological analysis. Spleen weight was determined along with BW, and used to calculate the SWI as follows \[[@B7]\]:

SWI = Spleen weight (g) / BW (kg)

Detection of *Salmonella* Dublin in feces, organs, and body fluids
------------------------------------------------------------------

Fecal samples (approximately 5 g each) were collected on days 1 and 10 of the experiment from the rectum of all calves by rectal massage. Feces were cultured either in selenite cystine broth (Britania, Argentina) for 12 h at 42℃ or Rappaport Vassiliadis broth (Merck, Germany) for 18 h at 42℃ (1 g and 0.1 g of fecal samples, respectively). After incubation, XLD agar plates were cultured and incubated for 24 h at 37℃.

Samples of liver, spleen, lung, and complete mesenteric, ileocecal, mediastinal, and popliteal lymph nodes were obtained under aseptic conditions and homogenized with a Stomacher 80 Biomaster (Seward, UK) in buffered peptone water (Britania, Argentina). After incubating for 18 h at 37℃, 1-mL aliquots of the tissue suspensions were used to inoculate 10 mL of selenite cystine broth and incubated at 42℃ for 12 h. Similarly, 0.1-mL aliquots of the suspensions were used to inoculate 10 mL of Rappaport-Vassiliadis broth and incubated at 42℃ for 18 h. Aliquots (enough to fill a bacteriological loop) of the resulting broth cultures were streaked onto XLD~nov\ nal~ agar and incubated at 37℃ for 24 h.

Typical colonies with positive agglutination with a polyclonal antibody (provided by the Administración Nacional de Laboratorios e Instituto de Salud, Dr. Carlos G. Malbrán) was considered positive for *Salmonella* Dublin. Samples of cerebrospinal fluid, synovial fluid, and bile (1 mL each) were used to directly inoculate selenite cystine broth and Rappaport Vassiliadis broth (9 mL each). Aliquots (enough to fill a bacteriological loop) of the broth cultures were streaked onto XLD~nov\ nal~ agar and incubated at 37℃ for 24 h.

Sample processing for histopathological evaluation
--------------------------------------------------

The samples (jejunum, ileum, ileocecal valve, mesenteric lymph nodes, ileocecal lymph nodes, liver and spleen) were fixed in 10% buffered formalin. Samples were reduced to smaller pieces within 24 h of slaughter, washed in phosphate buffer saline, and processed using routine histological protocols before embedding in paraffin \[[@B26]\]. Serial sections 5-µm-thick were cut with a rotative microtome (Reichert, Austria), mounted on slides treated with 3-aminopropyltriethoxysilane (Sigma-Aldrich, USA), and dried in an oven at 37℃ for 24 h. To perform the histopathological evaluation, the slides were stained with hematoxylin-eosin and examined under an Olympus CH 40 microscope (Olympus, Japan). Images were captured with an Olympus 4000 digital camera (Olympus, Japan).

Statistical analysis
--------------------

SWI and MLI variables were analyzed with an ANOVA using the general linear model with SPSS for Windows (ver. 11.0; SPSS, USA). Differences between mean treatment values were evaluated with Tukey\'s test. Results are expressed as the arithmetic mean and standard deviation. Rates of pathogen detection were analyzed using the Chi-square test with Yates correction. *p*-values \< 0.05 were considered statistically significant.

Results
=======

Translocation of *Salmonella* Dublin in organs and body fluids of young calves
------------------------------------------------------------------------------

The feces of all calves involved in the experiment were negative for *Salmonella* spp. both prior to the experiment and before inoculation with the pathogen. A high frequency of pathogen detection was found in target internal organs ([Table 2](#T2){ref-type="table"}). *Salmonella* detection in the internal organs was not associated with administration of the probiotic inoculum. Although *Salmonella* Dublin was detected in the liver from many of the infected animals, it was infrequently isolated from the bile. Additionally, the pathogen was rarely detected in popliteal lymph nodes, cerebrospinal fluid, or synovial fluid ([Table 2](#T2){ref-type="table"}) whereas it was commonly found in the lung and mediastinal lymph nodes.

SWI of young calves infected with *Salmonella* Dublin DSPV 595T
---------------------------------------------------------------

Animals infected with *Salmonella* Dublin DSPV 595T had SWI values between 2 g/kg and 3 g/kg. C-G calves had an average SWI value of 3.0 g/kg while these values were 2.3 g/kg for the LAB-G group and 2.7 g/kg for the L-LAB-G animals. Although the control calves had higher SWI values than animals inoculated with the probiotics, differences between the groups were not significant.

MLI of young calves infected with *Salmonella* Dublin DSPV 595T
---------------------------------------------------------------

The MLI values in target organs were 83.0%, 70.0%, and 64.3% for the C-G, LAB-G, and L-LAB-G groups, respectively. The difference between the C-G and L-LAB-G groups was significant (*p* \< 0.05). [Figs. 1A, C](#F1){ref-type="fig"}, [2A, C](#F2){ref-type="fig"}, [3A and C](#F3){ref-type="fig"} show some target organs after 8 h of infection. At this time, characteristic *Salmonella* lesions were not found. [Figs. 1B, D](#F1){ref-type="fig"}, [2B, D](#F2){ref-type="fig"}, [3B and D](#F3){ref-type="fig"} show these characteristic lesions in certain target organs that developed after 80 h of infection. In general, the lesions were typical for *Salmonella* infection. However, the absence of paratyphoid nodules (PN) in the liver and spleen was evident. That is why we observed little coagulation necrosis. Microscopic lesions observed in the L-LAB-G group after 80 h of *Salmonella* inoculation were similar to those found in the C-G group at 32 h and 56 h post-infection. Thus, the MLI value was lower for the L-LAB-G animals.

The liver showed degenerative changes in the parenchyma with small foci of coagulation necrosis and mixed infiltrates. Proliferation of bile canaliculi was also observed along the limiting plate of the lobules (multifocal necrotizing hepatitis). Only a few animals developed acute hemorrhagic splenitis similar to that observed during any septicemic process but without PN. The gallbladder showed no signs of serious injuries in any of the groups studied.

The jejunum of control animals developed necrotizing enteritis in the mucosa that was observed during the second and fourth necropsies. Clear necrotic lesions with the presence of PN were observed in the mucosa during the fifth necropsy. In the other two groups (LAB-G and L-LAB-G), necrotizing enteritis without PN was found only after the third necropsy. The lesions were considered to be mild and non-pathognomonic.

In the ileum, necrotizing enteritis with the presence of PN in the mucosa of the control animals was found during the third and fifth necropsies. Interestingly, the lesions were least severe during the fourth necropsy. The ileum presented catarrhal enteritis with necrosis of the tip enterocytes of the villi. Mild edema of the lamina propria was also observed with casual microhemorrhages. In the LAB-G and L-LAB-G animals, lesions observed during the entire series of necropsies were minor.

Control calves developed early necrotizing enteritis (observed during the second and third necropsies) with the presence of PN as found during the fourth and fifth necropsies. In the LAB-G group, necrosis was observed only in the last three necropsies and PN were absent. In L-LAB-G animals, the PN was found only in the third necropsy. In all the other necropsies, catarrhal enteritis with edema in the lamina propria and casual microhemorrhage were noted.

Mesenteric lymph nodes in the C-G group contained PN in the cortical lymph region as observed in the second necropsy, but this was not observed in the subcapsular sinus as it normally would. In the LAB-G group, PN appeared at a later time following the fourth necropsy. In L-LAB-G animals, the same type of lesion was observed only during the third necropsy. In the ileocecal lymph nodes of C-G animals, necrotizing acute lymphadenitis with the presence of PN (subcapsular, follicular, and sinusoidal locations) was observed starting at the third necropsy. In contrast, this condition appeared after the fourth necropsy in the LAB-G and L-LAB-G groups.

Discussion
==========

In the current study, we hypothesized that the effect of an experimental probiotic inoculum on an intestinal pathogen could be measured using a model that evaluated the ability of the pathogen to translocate to the internal organs and produce lesions. In addition, we predicted that dietary lactose supplementation, together with the inoculum, would provide an advantage to animals against pathogen. Thus, we showed that the use of an experimental model of salmonellosis was useful to test the beneficial effect of a probiotic inoculum in a situation of extreme imbalance in the intestinal microbiota.

A large number of researchers have created experimental bovine models of salmonellosis using *Salmonella* Dublin delivered to calves through an oral route \[[@B2],[@B6],[@B15],[@B17],[@B21]-[@B23]\]. Overall, oral infection models that use low pathogen loads produce results more irregular, whereas high pathogen load results in the animals showing typical symptoms, a predictable evolution of the disease, that is, a model where the disease is expressed constantly and evenly. Masalski et al. \[[@B15]\] reported that calves inoculated with 6 × 10^8^ CFU showed no clear clinical signs of disease and were not regular. In contrast, calves inoculated with 2 × 10^10^ CFU to 4 × 10^10^ CFU developed typical clinical signs with a more regular spread of bacteria through nasal discharges and feces. Based on this information, were considered two alternative models, each with a unique set of pros and cons, and then choose the experimental design of our study. On one hand, a model generated with low pathogen loads simulates real-world situations occurring on the farm and would thus provide more opportunities for observing the beneficial properties of the LAB experimental inoculum. However, this particular model would result in highly variable responses in the calves and any protective effects of the LAB would therefore be more difficult to measure in a small number of animals. On the other hand, a high concentration of the pathogen (improbable for naturally occurring cases of infection on farms) would create more homogeneous outcomes and therefore provide a more suitable model to measure beneficial effects of the LAB inoculum. However, this model would require the LAB inoculum to have a very high level of activity for any protective effect to be observed. Thus, the model of *Salmonella* infection used in our study was established taking into account this information and the fact that inoculation of 2 × 10^10^ CFU/animal produced a regular and homogeneous model of salmonellosis, but demanded a high level performance from the LAB inoculum to counteract the effects of the pathogen. Although it is difficult to determine the number of *Salmonella* that calves commonly take in while living on a farm, it is very unlikely that the bacterial concentrations are as high as those used in our experiment. The results obtained from models with high pathogen loads are more suitable for predicting the ability of a probiotic inoculum to protect against lesions caused by the pathogen.

In general, the oral entry of *Salmonella*, proliferation of this microorganism in the small intestine, and its rapid penetration into the lamina propria cause edema, macrophage and lymphocyte proliferation, and polymorphonuclear (PMN) recruitment. This is accompanied by expansion of the central lacteals, and generates a sharp decline in apical enterocytes while provoking a proliferative reaction in the bottom of the crypts (enteritis regenerative). This process is rapidly decompensate, causing atrophy and fusion of the villi. The bacteria also invade regional lymph nodes, leading to macrophage and PMN recruitment \[[@B25]\]. The same happens in submucosa veins, producing phlebitis and thromboembolism. Circulatory disorders lead to irreversible damage of the villi with apical necrosis, hemorrhage, and fibrin exudation (fibrinous necrotic enteritis). Bacteria spread through blood and the lymphatic system cause septicemia with involvement of the mesenteric lymph nodes, liver, and spleen \[[@B1],[@B24],[@B25]\]. In our study, the liver, spleen, and mesenteric and ileocecal lymph nodes (target organs) were the sites at which the pathogen was found more frequently, thus showing that *Salmonella* used both the lymphatic system and blood for its entry and multiplication. Target organs were also, both size and number, those with the greatest lesions.

The MLI was useful for identifying differences associated with the inoculum in the response of calves to infection with the pathogen. Lesions found in the liver and spleen were evaluated together; this is because both the spleen and liver are two target organs where specific lesions for *Salmonella* infection often develop. In the liver of animals living on farms, severe cholangiohepatitis with strong infiltration in the portal space is typically observed, particularly in bile canaliculi with canalicular bile stasis, a structural disorder in the lobule characterized by dilated hyperemic sinusoids and invasion of sinusoidal cells \[[@B1],[@B12]\].

In calves with salmonellosis, PN appear with high regularity in lobules with an erratic distribution. In a few cases this necrotic lesion was not present, but appears the so-called thromboembolism in lobular central vein by the formation of an intravascular fibrin clot which includes pyogenic PMN \[[@B1],[@B25]\]. In calves with salmonellosis, the spleen regularly develops severe hemorrhagic splenitis with randomly distributed PN foci, especially in the red pulp \[[@B1],[@B25]\]. Considering the lesions found in the liver and spleen of the animals from our experiment, it could be argued that this target organs had virtually no involvement in any of the experimental group\'s animals, showing non-pathognomonic minor lesions (without PN). The absence of PN in spleen, possibly due peracute salmonellosis, could explain the SWI found in calves, which was similar to that reported in previous experiment in which the pathogen was not used \[[@B7]\]. In our experiment, lesions found in the jejunum were more moderate than those found in clinical cases observed on farms. In groups inoculated with LAB, the lesions were minor and non-pathognomonic, especially considering that *Salmonella* inoculation was substantial. In clinical cases of salmonellosis observed on farms, ileum lesions usually involve fibrinous necrotic enteritis and the possible presence of PN \[[@B1],[@B12]\]. In the present experiment, we observed necrosis only in the control calves while lesions found during the entire series of necropsies in animals treated with probiotics were minor.

For clinical cases of salmonellosis on farms, the IV is one of the target organs (along with the surrounding lymph nodes) used for diagnosing histopathological lesions caused by the infection \[[@B1],[@B12]\]. In our study, IV lesions developed early and were typical in control animals. Necrosis was found only during the first necropsy. In the subsequent necropsies, the lesions included necrosis with PN (in a very early stage of formation) while in the final necropsies the lesion found included necrosis with PN. That is, as more time passed since the administration of the pathogen, most complete, advanced and characteristic lesions were found. The results from the L-LAB-G group were encouraging because only minor lesions were found in these animals. Furthermore, lesions in the colon of all calves treated with the LAB inoculum were also minor.

Aggressiveness of the pathogenic bacteria strain and the infection time course have a marked influence on the type of lesions found in the lymph nodes in cases seen on farms. Salmonellosis caused by low virulence bacterial strains usually generate hemorrhagic type lesions in the course of several days \[[@B1],[@B12]\]. When the strain is highly virulent and the infection process is hyperacute, lymph nodes are often the only organs in which PN are found (being absent in the liver and spleen). In these cases, nodules are found in the subcapsular sinus as a relatively continuous mantle of necrotic cells with pyogenic PMN in a mesh of fibrin \[[@B1],[@B25]\]. In our study, PN appeared later in groups treated with the LAB inoculum than in the control animals. This should have correlated with the lesions found in the jejunum and ileum, areas into which the nodes drain. In cases on farms, lesions found in the ileocecal lymph nodes are more frequent and this is sometimes the only location where PN develop, especially in hyperacute cases \[[@B1],[@B12]\].

Very few studies have examined the effect of an experimental probiotic inoculum on the ability of *Salmonella* to translocate to the internal organs and to produce lesions in infected calves. In the current study, administration of a probiotic inoculum was not fully effective against infection with *Salmonella* Dublin administered at high concentrations. Probiotic treatment was unable to delay the arrival of the pathogen to target organs. However, it was evident that the inoculum altered the response of the animals to pathogen attack because the severity of *Salmonella* infection was reduced and milder microscopic lesions developed in the group treated with lactose and LAB. In order to have a clearer understanding of the enhanced response of calves treated with the probiotic inoculum against pathogen, further studies of the mechanisms underlying the effect of these biotherapeutic agents should be performed.
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![Microscopic lesions in the liver and spleen of calves from the three experimental groups: non-supplemented control (C-G), supplemented with LAB inoculum (LAB-G) at a daily dose of 10^9^ CFU/kg body weight (BW), and supplemented with LAB inoculum at a daily dose of 10^9^ CFU/kg BW and 100 g lactose (L-LAB-G) after infection with *Salmonella* Dublin DSPV 595T. (A) Liver NAL 8 h post-infection. (B) Parenchymatous degeneration with few inflammatory infiltrates without PN 80 h post-infection (liver). (C) Spleen NAL 8 h post-infection. (D) Acute hemorrhagic splenitis without PN 80 h post-infection (spleen). H&E stain, ×100.](jvs-13-261-g001){#F1}

![Microscopic lesions in the ileum of calves from the three experimental groups: non-supplemented (C-G), supplemented with LAB inoculum at a daily dose of 10^9^ CFU/kg BW (LAB-G), and supplemented with LAB inoculum at a daily dose of 10^9^ CFU/kg BW and 100 g lactose (L-LAB-G) after infection with *Salmonella* Dublin DSPV 595T. (A) The ileum NAL 8 h post-infection. (B) The ileum with necrotizing enteritis without PN 80 h post-infection. (C) Ileal mucosa NAL 8 h post-infection. (D) Ileal mucosa with coagulative necrosis around the glandular body and mononuclear infiltrates without PN 80 h post-infection. H&E stain, ×40 (A and B), ×100 (C and D).](jvs-13-261-g002){#F2}

![Microscopic lesions in the ileocecal valve (IV) of calves from the three experimental groups: non-supplemented (C-G), supplemented with LAB inoculum at a daily dose of 10^9^ CFU/kg BW (LAB-G), and supplemented with LAB inoculum at a daily dose of 10^9^ CFU/kg BW and 100 g lactose (L-LAB-G) after infection with *Salmonella* Dublin DSPV 595T. (A) IV NAL 8 h post-infection. (B) IV with necrotizing enteritis without PN 80 h post-infection. (C) IV NAL 8 h post-infection. (D) IV with necrotizing enteritis and PN development 80 h post-infection. H&E stain, ×40.](jvs-13-261-g003){#F3}

###### 

Indicators of microscopic lesion severity used for determining the microscopic lesion index in the target organs studied
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NAL: no apparent lesion, PN: paratyphoid nodules.

###### 

Translocation of *Salmonella* Dublin to organs and body fluids in the calves
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^\*^The control group (C-G), the group inoculated with LAB (LAB-G), and the group inoculated with LAB and lactose (L-LAB-G). Data are presented as the number of positive cultures, based on the number of organs or body fluid samples. LN: lymph node, LAB: lactic acid bacteria.
